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LI HSR EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner vherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being slichtly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed in wells 
deep in the ground, it is highly preferable that a tool be used which under no 
circumstances will become stuck in the well or cause damage to the well. Any 
such trouble occurring in a well can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
0 tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 

Figures 1A, IB and 1C, taken together, constitute a partial sec- 
tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 3 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a firsts 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
vardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2k slidably positioned on the shaft to serve as a second-stage 
expander. The surface of the member 24, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
inside surfaces of the arms 22 and the outside surface of expanding member 2k 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member 24 which moves upwardly 
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until It eontacta shoulder 26 provided on the shaft. As member 2k moves m a 
dovnvordly direction ar»s 22 fold Inwardly toward the shaft. The expending 
arms 22 are held In place on the shaft by collar 27 and circular groove 26 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die Is drawn through the liner to expand it in place in the casing. The 
firet-etage die provides a gross deformation of the liner so that it is 
expanded outwardly against the vail of the casing. The second-stag, die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

in operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner Is to be set. A liquid, such 
as oil, is then pumped under pressure down the veil tubing and flows through 
the passageway 29 provided In polished rod 31, through port. 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Upon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
upwardly la cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17. When the piston 3* 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner Ik and -iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside vail of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 2Vls a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant, force. The force exerted against the am members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will be substantially constant ,o that either .ticking 
of the tool in the casing or rupture of the casing is precluded. Of course, 
the force provided by the spring member 1. preselected so that the frlcttonal 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 

t 

of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
18 and held between the expanding element 2k and a cylindrical lover shoulder 
member 38 forming a portion of a differential screw element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 
10 element comprises shaft member 18 on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4la and kit on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 3d is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl. 
The shoulder 38 is secured to the shaft 18 by splines k3 so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lover end of the thimble is a friction member, such as bow springs k2, 
20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same aB that of the shaft threads l8a, e.g. right- 
hand threads, and the pitch, or lead, of threads Ida is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock -vise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling* For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 
30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2. 5 -inches 
Inside diameter. 
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Constant force spring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact with the upper ends of the 
columns and is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lover 
bearing plate member 46 contacts the lover ends of the columns and is moved 
upvardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screv element 39. Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
which the ends of the columns are inserted. These grooves may^be shaped to 
conform with the s.-iape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the 'spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto vould cause total failure or rupture of the 
columns. Therefore, a pair of stops 49 and 49a are provided for this purpose. 
As shovn, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo-.e tovard, or avay 
from, each other as the load on the spring member varies. Lover sleeve 49a 
is prevented from moving dovn by lover shoulder 38 connected to the shaft 18. 
Hovever, the spacing betveen the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed. For example, pine or 
rings mounted on the shaft may serve as stops, or the cover 48 provided vith 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, vhlch as shovn here forms a portion of the body of the spring 
device, vith ends of the columns fitted in the races 47. The columns may be 
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fitted closely together as shown, or ,na y be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the column may be varied 
widely, and the column ends may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded ends, free to move within 
the races shaped to the curvatu:e of the column ends. Materials which may be 
satisfactorily employed for the column* are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper base alloys, such 
10 as phosphor bronze, berylliu* copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns' 
is normal to the diameter of the shaft. Thus, with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.167-inch thick by 0.438-inch wide 
by 10.626-inches long, with the ends rounded, were fabricated from A.I.S.I 
*»0 steel, quenched and drawn at 575'F. Each column was found to require a 
20 critical compression loading of * 5 0 pounds in order to buckle the column. 

After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shape 
of this spring characteristic curve la described by curve OA-ABC. Actually, 
this curve is deacribed by OABC due to friction in the system. Points A end B 
represent typical working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are npt anticipated, a working stress just below the 
30 yield point may be uaed, while with, a great number of flexures, the working 

stress may be held to leas than the endurance limit of the material of construe 
tion. In the above-mentioned tests, the lateral deflection vas limited to 
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approximately one inch, at which the longitudinal deflection was approximately 
0.225 inches. From zero deflection to the maximum deflection, the 450-pound 
loading vas found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 12 5 0 pounds. The lateral 
deflection was limited between 0 end about 1.00 inches by appropriately posi- 
tioning the stops. Upon compressions! loading, the spring element buckled at 
substantially 2 5 ,000 pounds and from a longitudinal deflection of 0.04 inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds. 

Of course, in designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted position. When the tool is at the desired 
20 level, the well tubing is revolved. The friction mentor 1*2 engages with the 
vail of the casing and prevents thimble 41 from revolving. With several 
revolutions of the tubing, lower shoulder 38 is aowd upwardly by differential 
screw 39 to buckle spring element 37 vhlcn has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 24, and its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the *» outwajdly with a substantially 
constant force proportional to the critical buckling load of the spring 
eleaent. Subsequently, the expanding tool is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 
30 The foregoing description of a preferred embodiment of ay invention 

has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan from the description, and, as such, these fall vithin the spirit 
and scope of my invention. 
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I CLAIM: 

1. A device for expanding a metallic Uner inside a conduit which 
device comprises a shaft element, an expanding die member attached to said 
shaft element, said die member comprising a movable liner-forming member 
positioned on said shaft and being radially movable in respect thereof to 
contact said liner, an expander member slidably positioned on said shaft 
between said shaft and said die member to move said liner- forming member 
from said shaft, and a constant force spring member positioned on said shaft 
to contact said expander member and to maintain said expander member against 
said liner-forming member, whereby said liner-forming member is urged against 
said liner by a substantially constant force, 

2. In a device for installing an expanded metallic liner in a 
conduit wherein an expanding die is moved through a liner positioned in said 
conduit to expand said liner: a cylindrical shaft element, an expanding die 
member attached to said shaft, said die member comprising a plurality of arm 
members disposed around said shaft and being pivotable outwardly therefrom to 
contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly from said 
shaft, and a constant force spring member positioned on said shaft to contact 
said cone member and to maintain said cone member in contact with said arm 
members, whereby said arm members are urged outwardly by a substantially 
constant force, 

3. The device of Claim 2 wherein said constant force spring m em b er 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
plate members being movably positioned on said shaft and being in contact 
with said cane member, stop means connected to said shaft to limit the axial 
travel of said movable bearing plate member along said shaft, and compression 
means for ma i ntain i n g a lateral deflection in said columns. 



10 



736288 

1 »• The device of 3 vhereln said expression means comprises 

2 a differential screw connecting said spring member ^ Eald shaft> 

1 5. me device of Claim 3 vhereln aald stop means comprises a 

2 sleeve-like element connected to said movable bearing plate member and 

3 slldably positioned on said shaft and a member connected to said shaft to 

4 Umit travel of said sleeve-Hie element. 

6. The device of Claim 3 vhereln said columns have a rectangular 
cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said shaft. 

7. A device for installing an expanded metallic liner in a conduit 
which comprises a cylindrical shaft element; an expanding die member mounted 
on said shaft, said die member comprising a plurality of arm members disposed 
circumferential^ around the outside of said shaft and being plvotable out- 
vartly therefrom to contact the liner; a conical expanding member slldably 
positioned on said shaft between said shaft and said ana members to urge said 
arm members outwardly from said shaft; a plurality of slender columns, each 
having a long rectangular cross-section and disposed circumferentially about 
eald shaft; an upper bearing plate member and a lower bearing plate member, 
each slldably positioned on said shaft and contacting opposite ends of said 
columns; limiting sleeves attached to each of said bearing plate members 

and slldably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said- shoulder being engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 
axial travel of said bearing plate members is limited; said column members 
transmitting their buckling load to said ana members to urge said am members 
outwardly with a substantially constant force. 
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pitbs tooo • p wi m io i ii fteoo to 4 



totos tooteltoo to ftto Mill Bootoor oftjort of too tovoBtooo So ob 



oVJout lo o nojBBt, ooo j to O BO toto i ^ i iln tool oootojtog oboe o offrtos 
tevtoo. Votoo bob otoor do>«te of uo tovoatln i»l tooooo gBBTOB » V 
roforomco to too fonuutoe tooori ftto* or too loYoottoow 

to toqoBtoBQj vito toB bi ■■■tit toraftttoft iter* to jvbvibbi b ood- 
mo nvto« tortoo toioft nr»prto— b bbbbbt, bb ote^oM* bbUbb 



llOlM odjBOBB* NU.tpl/ BBBtoT. BBBrtBf Btoto BOBtoiB OOKtoOtlBB tBO too 
0B44 Or KBlA OOlBOB ** toOO* OBB 0* OOto toBY JB« *LCtO ■CPftOTO tolBft 1tb«L- 

$0 • taUBBlly womVm U fBojost of too otto* bbb imbmoi ob bbic bo&j ototer 

to llBlt toB BBftoftttBB Of OBto BBtoBB HUrt to OA**! BDBBBBSt OBtto^P 
BtoB or OBto OOlBOB OtoBBBB BBOB tBO B^lBltloB Of ■ I 



obbUbbb to b tool too oojbbIIbi b BOtolUc ltoor tootto 

B 09MK1V BXii BB&ftoBB torOB BBtlBB to4« 
to BXBB 4B ■U—llin UO BBBBBT BftlfiOt too UOI 

oBBfcut B7 b tototomttoUy e oo otoo t forao, 

My totoBBito toll to totter UrotooJ V nit—** to tto follinr- 



SO rUBTBC M> IB oad 1C, 

tloBBl otoo Of B B g Btorwft oBtedi 



OBJOUtoto B JBrtfBl OBB- 
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ri«M 2 »• ft MetloMd *Ww «r tM w*rtt« of yi«in u ttbo «t 
lift* a.2| *od 

riym 3 ift • tjpioftl »>ot or wUil LocA rthui teriaetUn tar 
tM roaiUwj foiea qplM; 4*rUo «f 1M UMKia. 

Xafwriw i© um ftiwtftftft, fipuv UUtli tettta portly <* ft 
IImx toot Aw **• -u iftroUUftf • ^«iua ums la • veil. «UJ« 

Ft«u» l* U»rtMto» t** MMM weiatm of rath » tool ftM Flow 30 tci**. 

MU CM «pfNT ftVfttftflft) ©T tM tftOl. TM ft*J~*U>* tOO* ll 1* M U ft fr ftt U> 

vt*Mft*L wU UM*e U Hr "f""! I3«ft»*# VW--*^7, mi M ImM t» tM 

RBIMt tk*0U> • *ftll OttlMj (Ml OOP) W ft Mil* ift tM P«U| ft* MlCB U 
IB ftftftUftf W larttjU ft ftfttftlUO 11MC. IftftM iMftTUBf tM tojl MM tM 

Mil* n U«jM mrU«ftUy onf*M Umx 1* furlcM tnm mUA wvmL, 
ft* alter RdMli ftftUftftftM MterUl, 1« *Lftt*i en tM Vift mmmuUA 

Umi Is MftftcM 1ft jovlttoB to «iMUt it Itft upoftr oft* viifc ft cjliadrlcftl 

pfeaOt-r ftftftW 16 Ml, «t IM MWftT cat to covtact «ltft ft fl ltt-lU#9 «*paoft- 
tftg «U IT ift tte font of * tra**tfti drooler oo*ft htw m ft flrtt- 

fttiM ftftfftftfliftl ftlft U tte w m m r MWiMflor ioocrftoo. 7* ftftpftMlftf tl« U 
ftxftllr ftfttftsMa to ft OMtraUj loftfttM, ftJtOifttvA crUatrtcal boUow ftfaftft lB 
aktoh rxxrm* • jortloa of tto Vs^ or tM tool. M *Jw~* tfta cxpaadlnc «!• 17 



U Mil l&plooo MMiam -ft Iftwr OxxOaftr 1$ sad ooll«r n 1 
ftMft. . A ftlnrallVj CT fttnftilft irai *». prftlftrftDlj jrovldai »itfc « 
«ftlftTMH Mrtlaoj 49 ftftftr tM tap; «*■ «UM«a la tM torn of % trustor 
fta MlftMfti wrfttoM «r tM mm 29 < 
» tM CLftftL ftMft ft* « 
Uftmr lftto m «itetft»tlftU7 ftYUMZlftftl ftMp*. TW ftf» M MW S ftrt >lftatftU7 
k bo ■• to M Mwalt vtAmsUT rr6m thm wkmt% to ft VMTiA 
I »We»r * allftftftiy poUUMld M tM ftMft to ftftrvi m > ftftftoftft-fttftM 
3M ftOrfftM of tM 1 I 1 M, ft* tbora, vm« ftjwftiAlr tM 
OMTt to ttM vltft Mft at** ad ftwro 1M« oawrWj. MmtftfMUftljr) tM 
lftOU* ftVfMftft of Mm ftMft « Ml tM ottULM MrftM of otMBdlm MM M 
for* iMUi Hittn, VittMUr ftftUiPftftl ift ftMp*. »• OMftMlom of tM o» 
U ftMtrskUftd >y tM wftltloft of tte Mftter M itich M^tt «jw«rtUr 
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wtll It cootopte .tumor C6 profited on »**rt. 4s ate 8* wm* 1* * 
dpomdlj dJxvoiioN arm* fit fall inutljr Vw* toa simtx.. ft* oMW 
um t2 010 bold le *laao <* ttw abaft by «03«i *T u* eUrmUr (jnxrw afl 
pravldot on tfee 

fta «pwlli« tool, «ovilii^ too a««t»atooa olo oof tfco wHtf - 
MNP At* 1* <mi Vmm+ W Hoar to frf"* U to *l*c* la tht ovUic* »a 
i dlo oroalooa m *rot* da* <*ootion o* llotr ao toot It 



» 1)W flOOl 

mftov of UM) Uw Bat «■ wvttia am mm toetart 
loo nil of tM cmxd4 oft oTftet a naia-tiobl ml. 

I* *t^rt*i^ tbo Uwr wtoai tool It uw oJUd «t to* oxrfooe, a© 
eooarlfeod ooovo, ■! e flaw cloU Mffhi ottij a r>mooj Mitiiil aagr *e 



l*to th* «U ott too leoatloa ot *tkic]> ta» llaar la to W a«t. A llqait, «eh 
o» oil. Co toon poops* Dodor jmnn dom loo ooll tabUf oot n»vs tbrm&. 
tbs tooBOOQor provioot io poUabad «d 31, throw* porta >a sod lxrto ejuo- 
dor » ooooootod to tbs oppar oH ot «*o oboolocr Tfcoo to* opmllortUo ©x 
flaftt prenur* to tbs opllodar, too pistso 3* oobomO to pollshat rod 51 oosbo 
ay spssrdly 1* a/Uodor As ooom, lot 36 oonoooU paUabol rod Jl soft ahoft 
18 opoo oMab io m»M too aMt-rUp saqoofttot dlo 17. Kfan «b> plana * 
r >3 too Mn>tt i | di. CT.-t too Baonol- 
to tt» oomcotot lloor ll oat -tna oof 
loo o oao j ottOM u Mm lloor, o» toot too sopsoaot iloao wmx oootaot tbs 
tmrntrnm soil of too cosiap To *olao It la oalsg lftitallod. Porltloood eo tba 
oosft bdlos* COa ob jooMp j soafosr So U a oonrtaol rgoroa epilog aoobsir 37 *fciab 
1* aaplopo* to orgs too asporti** oaaoaor acmtaat th» omjaodloi no U wltA a 
oiAotaotloll? BoftBtoot. ftroa. Vm 'ores txnrUd oooUart too txm mn&4r+ ooiot 
•ObataatloUy oaoatoot, too foroo Vooomtttod tonno> toa aim aoobar* to the 
30 Uotr oot to 11m om&ob. Oil! to ndjotontloUif- aoootant at toot altfaat BtlaMao 
of too tool U too ootlot or t*cm of loo email* j 
L by tao oprtog mmbtt IB ] 
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/oreaa totem the tool •** U* User ant tfaa jnwn owtad 4#iMt tto aaa- 
Ib* **• MlnUtiM tl praaatandoad Mtfe fte cnorbvt fast* apart** 

til unrtt tbot tb. »«uit frMMBfl toteoo* V* liw fanMae aortic* fi> 
tto M»» 83 It fract aoou* ta jrwiil th« te*lxa aorwmtlaa of tto dW< 



Sk WMtt tana spring Dtfkr 37 it tUftmr i 
U •to UA WWm Uw ■■jw«jag alaaaot Mail eyUaojloal iwtr »bc«Ma* 
writer V fondai a porklo mt a auxferaatlal »ew «i— at » tolMt wa»a»Ua 
» ft to aaaft MMbar l*< ^flMMlblMm 
OwiBmim oatelfe af Mdab u* ate mu taxaato 

*•# 38 MUlHUd Xl* tkTMi* 5ft» im tbatela 

•after U j#oritoa wllk limlf Ua ate *Jfr a* tb* «um m tto laatea, 
m*«Vtwur, ta nbv vita tbratea on I 
aato af ttxaaaaan mmr—t neb «f *taai 
to vltfcatate wry td«n 1Mb ate «ff*» 4* fitch ao tl»i oaoteter 39 U «o*ao 
M*aj*ly to tto ateft LB teaa 11m atoll 1* JWMtlaat tilrtl« to tblabl* *l. 

ste wjiim je io •*•***« to (to atef* V oyiiaw *j u> not it cm. 
toM^tetloftUr. tot It to ate rraa to sotota at tfc* abaft. Tlwdijr attaobot 
to too lovn ate of (to ttrfafrto U ft ttlctloo o u fc tr , to ■» to- ^rUP **/ 
» fttfirtaUooUy oatoatod frLarlSo» »**, or ottor aaeb aaftaa ft* mouvaOiy 
l.titk tto loilto mil or tb* aaotott to < 



Mto tteaafta 36a la tto m-m> M ttott «f tto -aaft tbaatea ito, a.*. H**- 
bate toto, mm. tto ***** at laat, of ttoaato Ifta U au#Oy frtotor mom 
too* a* tomto 38a, vJtt too sdtok rati* tola* alooa to i-itj. & tot* 
MBMn, fttoflfc-alaa r««otouoa of tto abort ratoUaa to tto thtablo mm*** 
ahoalfer i tot 39 to ataaaoa Mjaart •U&tij nd • «oajMaataa Xaaft I* «HM 
ajt«i4l7 a« acvtv ■1—nD 99 ta mm to*utoa> tor oawaia, eao atelattotory 
tiff amrtial aaraa mm mJ* b» aal&i flva aad aoo-boir UJMada/toeb 
ttoo^a oa a abaft M*radMtCal7 1.7-tocb oatolto aiM M tol mm £Laa aot 
t^ttn tbnada/laab a«iara ttooaoa oo a abtmOAar un mrl— U iy «.| 
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rot wrri** «)-MAi >1 oa^n«» «*iom »W W, 
Unmlj oonmntioj or o otarnlltr o* «J<*«*Ud «i— *> «»void wn& »bni 
15. 4prM«ifUt*«riter^U in ^t*«t vita tta **tr toot of tta 
oataott torn i» fo*»tt>nnot o» «**rt ifl to bmit **- forot of tic 



■tar W omtacta th" W ota» of Um mflmmm tx* it I 
ojm*)? mlooA ta» •Ooft to iMftttoUMU ■ J ii» n l pf )«ni ftOoolAor » *- * 
rorolt of ro»ol«ta« ilfftaoottal oorow ttaoo»l J?. Croaott * tf* orortlol 
UwkortM teniae otata-. to Am 00 w tow 

.IMMUOftkl OOl— «*■ intOTte*. TMilirOMWWlteO^ U 
, *ta*o of to* oat— oota \r UAitt. A WW W «*j ta 
^]q|M to tJBOlota fcrwl^ »*Ur froo t 



A »»onj tar UMttas tte Atftacttoo of U» ooImom It roftartd, 
1 ito ooi*» iTnil fiowM CO* 1» * tartUofl t u o jtmn t, tjjel±*»U«o of 
■•St* loofl Unto *o*0A too* total foltaro or rootare of <*» 
* s*ix of rtop. k?-«>Sii» pwitaa for -out pro »• 
At *m, «» otopt no riiUlr ccnatttat M tit teorlnjt * 
•ffbtt ooooriao oopsr 00* low HotU*o; •taovot yooltlonoA m cat otax* to 
tU* loogLtodlotUr ttawom. 9m onto of lot rtapo m* mem vrod, or w 
lmo^«tftiri»«*i«iM«»oj>iM»te^' lottr tlotvt *9» 
1. «mkto& from ««io« loom Vr otaolAor 58 -oooootad ta tta «taffc *. 

, g OOMtef WtOQtt UO) tOAt lo Ot 10 H«i* tat lOBOltttUnU 



of tat ta«rt«o,»taOt o oi ftor t to tatyao 

1 of too ooiooB tUooot w. moo) tittsMtatt 1 
► to tat ooJoos ojootst 007 uao ot oaplovoa, For oonota, fW or 
rtap ooaatol OB tat etatft 007 Mm t* ataot, or' too co*»r *8 prortta* «ata 
ontaUlo ootoostuit 0*7 ta o#»lqroA Mr tut yarpow ta ltait loooltalta*! 
•nd/ixr Jotarol toftaetlto of oolosn*. 

9ta aoloooo of to> etlBH tlootot 4J 007 ta tmncoJ 
totft 1ft, 00 then taro forot « foritao of too tad* of 1 

trrlvtj oitk oolo of too 1 nT 1 fltta* ta tot rooo> kT- »• 
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rit**l cleanly tapltev «• toon, or *«jr •» ifM*4 unrf l»« *tth 
Mtoana QMd botmn to MmtoU tte teulitol «j*rti«- Ite «-teJ •* 
BOlWtt* «B>toj«d rill topvM «po» ttln eter*«l*xl»tlc» ud tte "tUTUll «f 

oautWuvUoa. Itor nasals, to* uotmm rttto or tte eolsaa mj w «uia& 
Tlttmlf, a* to* mlTw oote «*f te to**, n*t, flKPi of Ma»*d. On aforuvat 
•mtmtip 11 a tola, m)mM cctmmn vtto io«W «■*»» two to ««fcto 
to* n«M to to* w«tM ar tte wlm ttea. tetortal* vMtfa to 

Mttefaotcrll* aa»to**a tm tto ioImi t» c«»tea ■*< •taato, 
cfercada* Mi ateteJ ■lawaliai ittdsliw rk»l», various «ym ta»a» aliof , "A 
10 m j tan, VvtIUh Hntr, tte ai otel tlloju ma otter Halter 
oitorUQo pmltflac *Mllfactoi7 tuttea toai axparUo*. T>»to*lly, tte UH- 
■ limi t oAaaaa cr tea* rrrt~a>'' > — cwn — tata, tte zitto Vdm 

(**•*•* tte* too UOtlMM, Oil *rr*U#»<l fco ttet 1te *M*T IM* Of to" ^»"» 

te uml to u>i oiMJtv of to* a»«n. Bw, *IU» p*r£Lcl«* oct— «lo* 
loading, tte oolDOM tecklo, «nl teni •hoot tte nii tovu* tte ldH« a0«*«t 
or imtlk f a. a;., MtfoU; Ma «taft 18. 

for •xmmpls. * area* of oolmm O.UiT-tote tote*, ty o.*M-iaril vLOe 
V 10.e56-lad» l«f, »tto u* aate row-*-*, w» fotaiwste* rm 1.1.8.1 
*34o rtwi, vwiM ate ***» «t 575 *»- I*** «^>-» ««• f««* * rac/di* a 
SO crltdMl wvrtMlcD loa«l&c of *50 poaol* i» pctitr to toteOa tto ooUan. 
. Jurtvr tootua* tte w1,mm wrt faao* to tew a wj flat «i*Uf. etei*ctorf»- 
W», aa *°rm in Tteate 3, *«t%te » e to tte orlttaU taenia* 1m& 1 
0 up iiU Urn to* -a iftftocttoA «t •on* «M «ir*«t 1* the «*m 
or tte Mh fNMt to jtoU voUt of tte vjrtottti. tteetvtlMLUj. tte *W 
or xkU «|rtoo «MJ*^«rt»tlc cur%« l- <W««ltoa V <*'^0. outosuy, 
t*U o»n> i> ^oorttel CUO Cut to rrloid«i 1. to* <j*Um. lOtoto A m* i 
TOTM—t toiKtol mttti 11«IU, ^loh, oa«r««. -jr ~rix* wcojrAtot to 
tto ll«rtloo ftxt- vtdoh tte *prti»« U d*«SauA. Tor aoo^U, «ten » Urg> 
ntebor or ftesto« « not ntlotoMte* • vafclof ittiN >wt telcr tot 

5q 7l.ll potot to mvBL, V&dU Tito t gzttt M»tar of flMra, tte raklfi< 
■toot mr %• teld to teat ton tte totarntt «f tte -ttortoJ of tetttne 
MM. J* tte «teM->«tioo»l uiu, tte tetott* dtnwtte w Itoitte to 
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•MKCtflMrty ok incfc, at *tdoh tto lw«lcaUMl Aafl**"*. w« •wrwl*^)/ 
0.6S9 tocto*. Fro* wr* ««rl»«tloB to tto Man trTUrw— , im l$D-yoiv* 
ito&lBi itond to to tototootUU? ctowtat. 

xm — u»tor tost » »prt«ft to*** *■* tout, *» toM, ^»1 « y1n« » 
, ma totii* * erltlml tocftltoj toto «f 1850 ^ «to latorml 

i 0 vol tfewct ) J» ltotos to ^prcgrtatoiy paal- 
, Iptoia* H» »FW » 1 ■< toafctot «t 
wtoiuattollr 15,000 | jim I ■ nt fm * toftfltollMl «iftottii of O.A i 
| to 0.15 tocte* to* load rwto 



Or tunij la «o-l«*l*l ft «vrU« »to*««t mm tmmm it to ftMatftfW 
I tto fMtert TSMtUi tofeto to* loa»ttaiiaftl toCtooU*. Cbr «jaeiitod 



«to »tx*» to*«l to tto ooImm si 4 «*f* lfttol* tto jntefU itoia- 
, a* aeon 1> rtojUto UKt2, wlt> -atteto flat 



» tto opmttto «r tto ato~ wf to Otog tool ftr wtttoa • 
to «*U mala* tto Mto^p tool to lmnl Uto tto w ■Htiaid ate™, 
vita tto to«« Oto tto rvteaatol pavlttoa- toto tto tool l« •* tto •mmLnA 
83 1ml, tto tftll tUtta* 1« t«tolito\ Jba frUtlca wator It «»M» with tto 
nil pf mAtof'cai gpto— to tfelaal* *1 cm Nnolrtoj. «tto 

tototo mt tto totoj low atoalto* 3d to mi ■ w ily * ilWtoafttW 
99 te toakJU <rpnajj al—— t 3T toi«a to* • j*ftft«tomto»t «iiMtai 



lljlMtll *, ani lto tog*** twfaM to 4 
tto ttoJto or tto m It to vrmm tto oatoaiato vlto ft • 
ettitaat ftoca TKvoattoftftl ta tto critical tookltoc 1«0 of tto *priai 

1 ttoftftvawtto, tto *xx*oAlftf too\ U fftMad Um»* tot Hoar to 
tJQftto It la tto to4to« la tto Maw toacritod tofalatofot*. 
ij 50 tto fajtgptojj toaavlptliB of ft gtrntmrrmt m+Ottmm* «rf ay toftottta 

? to* ton dm* tor tto parpoto a* «^pim«tu>a. It alll to > 

J wtoM atolflo^loM 1ft tto tetoU* c* *m*%rm*i<m wttl 1 
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